Hybridization experiments between normal Hb tetramers (Fe2+Hb) 
behavior. These homometallic Hbs have previously served as models that mimic the deoxy or oxy properties of normal Fe2+Hb. In this study, hybrids were composed of one alp1 dimer that is metal-substituted at both hemes, in association with a second dimer af32 that has normal Fe2+ hemes. Both metal-substituted subunits are unligated, whereas the two Fe22+ subunits either are both unligated or both ligated with 02, CO, or CN. It was found that four of the metal-substituted Hbs (Mg2+Hb, Mn2+Hb, Ni2+Hb, and Zn2+Hb) did not form detectable amounts of heterometallic hybrids with normal Fe2+Hb even though (i) their homometallic parents formed tight tetrameric complexes with stabilities similar to that of Fe2+Hb and (ii) hybrids with metal substitution at both a sites or both P3 sites are known to form readily. This striking positional effect was independent of whether the normal Fe2+ hemes were ligated and of which ligand was used. These findings indicate that surprisingly large changes in tetramer behavior can arise from small and subtle perturbations at the heme sites. Possible origins of these effects are considered.
Detailed elucidation of the Hb allosteric mechanism requires understanding structural and functional properties of the oxygen-binding intermediates. ¶ This goal has been elusive because of (i) the low abundance of intermediates due to high binding cooperativity, (ii) rearrangement of the ligated heme sites through subunit dissociation and reassembly, and (iii) inherent lability of oxygen molecules bound at the hemes (see Fig. 1 for structural arrangement of heme sites within the tetrameric molecule). To circumvent these problems many studies have utilized more stable oxygen analogs. A major class of such analogs is obtained by hybridizing normal Hb subunits with those containing metal-substituted hemes that have a different ability to bind oxygen or an oxygen surrogate, such as CO, NO, or CN (2) . Analogs of partially oxygenated intermediates can then be formed by ligating the iron-containing subunits of the hybrid tetramer (e.g., refs. 1 and 3-13).
Previous work has found that all metal-substituted Hbs of this study can readily form stable "symmetric" hybrids-i.e., where both a subunits or both 83 subunits are substituted. These hybrids have provided useful models for the partially oxygenated intermediates of pure Fe2+Hb. A different type of metal-substituted oxygen analog is exemplified by Mn3+ heme sites which mimic ligated hemes, in contrast with the "deoxy" analogs of Mn2+ substitution (14) (15) (16) (17) .
Metal substitution can yield tetramers that exhibit intriguing differences from normal Fe2+Hb, even in the absence of bound ligands. For example, the Co2+Hb tetramer crystallizes in the The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. quaternary T structure as does normal Fe2+Hb (21). Yet subunit interactions responsible for assembly at the a1f32 interface are reduced some 600-fold (9) by metal substitution at those distant sites (see Fig. 1 M-is-1 in all cases studied at 21.5°C. This "consensus" value was independent of whether ligands were bound to the heme sites (e.g., it is identical for assembly of oxygenated and deoxygenated dimers) and for mutant Hbs whose deoxy equilibrium constants vary by more than four orders of magnitude (Fig. 3) .
The observation that no apparent hybrid tetramer of Zn2+/ (20) . Therefore, we conducted hybridization experiments on the Zn2+/Fe2+ system at 30°C and also at pH values of 6.0 and 9.5. We also increased the NaCl concentration to 1.4 M (pH 7.4), at 21.5°C. In each experimental condition, the hybrid mixture was incubated for 3 days, but no appreciable hybrid could be detected by the cryo-IEF technique (data not shown). Even when the hybrid incubation time was increased to 6 weeks at 21.5°C (pH 7.4), no detectable hybrid was formed, even though sample integrity was maintained.
The possibility of a kinetic basis for the phenomenon was further investigated using the Mn2+/Fe2+ system. Similar to hybridization in the Zn2+/Fe2+ system, direct mixing of Mn2+Hb with deoxy Fe2+Hb followed by long incubation resulted in no detectable hybrid. However, it was reasoned that the asymmetric hybrid in this system could be formed through a different procedure that might circumvent a kinetic hindrance to the hybridization reactions. The alternative procedure consisted of first mixing trivalent Mn3+Hb with Fe2+Hb to create the readily formed (Mn3+/Fe2+) hybrid species [21] tetramer (15 (Fig. 3) , the apparent absence of hybrid found in 11 heterometallic cases of Table 2 continues to provide striking and unexpected behavior. 
